INTRODUCTION
============

Currently, cancer treatments are increasingly more effective, although they have been associated with short and long term oral side effects such as oral candidiasis^[@r06]^ and oral mucositis^[@r21]^. Regarding esophageal cancer, it has been reported that the most frequent problems associated with esophageal surgery were related to respiratory complications, which result in increased critical care stay, hospital stay and mortality^[@r13]^. In addition, Atkins and D\'Amico^[@r02]^(2006) reported that pulmonary complications were the most common source of morbidity and mortality after esophageal resection. In addition, Akutsu, et al.^[@r01]^ (2010) reported that frequent preoperative dental brushing prevented postoperative pneumonia in esophageal cancer patients. The above observations suggest that an efficient control of oral microorganisms may be very important to provide an excellent prognosis for the esophageal surgery.

Malnourished patients undergoing major surgical treatments are at a high risk of morbidity and mortality, and therefore identification and treatment for malnutrition is of utmost importance^[@r15]^. Seike, et al.^[@r17]^ (2011) suggested that perioperative nutritional support can be safely performed either with total parenteral nutrition (TPN) or enteral nutrition (EN). EN is now used more frequently for nutritional support after resection for esophageal cancer. Fujita, et al.^[@r10]^ (2012) showed that early EN reduces the incidence of life-threatening surgical complications and improves the completion rate of the clinical pathway for thoracic esophagectomy. It has been reported that postoperative EN associated with arginine, RNA, and omega-3 fatty acids supplements significantly improved immunologic, metabolic and clinical outcomes in patients with upper gastrointestinal malignancies who were undergoing a major elective surgery^[@r07]^. When applying orally a high-density liquid diet whose nutrients are similar to those of EN to a patient before an operation, the oral environment changes considerably. The patients have to abstain from solid food until about 1 week after operation, meanwhile intaking liquid foods, and then they are released to eat solid foods. The situation of the oral ingestion is considerably modified for the patient after esophagectomy. Therefore, alterations in the oral environment of patients will occur during these perioperative periods.

It seems important for the patient comfort to maintain a healthy environment in the simplest possible manner in order to give patients the best chance for a rapid and uncomplicated recovery. Although oral health care for patients receiving cancer treatments is very important^[@r16],[@r22]^, there are few studies regarding the oral environment at esophagectomy. A clinical study conducted on hyposalivation in hospitalized patients suggested that clinical diagnosis of hyposalivation might be helpful to provide an immediate and appropriate therapy avoiding further problems and improving their quality of life^[@r05]^. Therefore, it is necessary to determine the influence of oral health conditions in perioperative patients and to construct an effective protocol of oral health care due to the change of nutrition status or dietary intake. In this study, we investigated the impact of a high-density liquid diet in patients having received an esophageal cancer treatment by the determination of salivary flow rate and use of caries activity tests.

MATERIAL AND METHODS
====================

Study subjects and protocol
---------------------------

Thirty patients aged between 52 and 81 (23 males and 7 females, mean age: 64.9±7.2 years), who underwent esophagectomy for thoracic esophageal cancer at the Tokushima University Hospital from February 2010 to January 2012 were enrolled in the study ([Figure 1](#f01){ref-type="table"}), which had been previously approved by the Ethics Committee of Tokushima University Hospital (protocol approval: 897). Prior to enrolment, the participants were informed about the methods and objectives of the study and they provided written informed consent.

###### 

Profile of subjects receiving an esophageal cancer treatment and data obtained in each examination periods

  **Subject**                                                                                                                          **Number**       **Resting saliva**       **Stimulated saliva**           **PI/GI**   **Dentocult SM**       **CAT21**                                                                                   
  --------------------------------------------------------------------------------------------------------------------------- ---- --- ------------ --- -------------------- --- ----------------------- ------- ----------- ------------------ --- ----------- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
  1                                                                                                                           54   F   29                                    •   •                       •                                          •           •   •               •   •   •               •   •   •               •   •   •    
  2                                                                                                                           52   M   29               •                                                                                                                                                                                        
  3                                                                                                                           60   F   24               •                                                                                       •                               •                       •                       •                
  4                                                                                                                           63   M   9                •                    •                           •       •                                                                  •                       •                                    
  5                                                                                                                           61   M   21                                    •                           •       •                                  •               •   •           •       •   •           •       •   •           •       •   •
  6                                                                                                                           53   M   29               ◦                    ◦   ◦                       ◦       ◦                              •   •           •       •       •   •   •       •       •       •               ◦   ◦   ◦   ◦   ◦
  7                                                                                                                           60   M   27               ◦                    ◦   ◦                       ◦       ◦                              ◦               ◦   ◦   ◦       ◦       ◦   ◦   ◦           •   •   •   •       ◦   ◦   ◦   ◦   ◦
  8                                                                                                                           73   F   28               •                    •                           **•**                                  •   **•**           •           •   •       •           •           •           •   •            
  9                                                                                                                           65   M   8                •                                                                                       •                               •                       •                       •                
  10                                                                                                                          64   M   21               **\***               •   •                                                              •   **\***      •               •   •   •               •   •                   •   •   •        
  11                                                                                                                          60   M   28               •                    •   •                       •                                      •   •           •   •           •   •   •   •           •   •   •   •           •   •   •   •    
  12                                                                                                                          68   M   3                                     •   •                       •                                                                          •   •   •               •   •   •               •   •   •    
  13                                                                                                                          61   M   26               ◦                    ◦   ◦                       ◦       ◦                              ◦               ◦   ◦   ◦       ◦       ◦   ◦   ◦       ◦       ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦
  14                                                                                                                          66   M   29               •                    •                                                                  •   **•**                       •   •                   •   •                   •   •            
  15                                                                                                                          60   F   27               •                    •   •                       •                                      •   **•**       •   •           •   •   •   •           •   •   •   •           •   •   •   •    
  16                                                                                                                          68   M   28               ◦                    ◦   ◦                       ◦       ◦                              ◦   ◦           ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦
  17                                                                                                                          71   M   22               •                    •   •                               •                                                      •       ◦   ◦   ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦
  18                                                                                                                          69   M   22               ◦                    ◦   ◦                       ◦       ◦                              ◦   ◦           ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦
  19                                                                                                                          56   M   27               •                                                                                                                                                                                        
  20                                                                                                                          79   F   28               •                    •                                                                  •   **•**                       •   •                   •   •                   •   •            
  21                                                                                                                          75   F   17               •                                                                                                                       •                       •                       •                
  22                                                                                                                          64   M   28               •                                                                                       •                               •                       •                       •                
  23                                                                                                                          73   M   3                •                    •   •                                                                                              •   •   •               •                       •   •   •        
  24                                                                                                                          68   M   27               ◦                    ◦   ◦                       ◦       ◦                              ◦   ◦           ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦
  25                                                                                                                          71   M   ◦                ◦                    ◦   ◦                       ◦       ◦                                                                                                              ◦   ◦   ◦   ◦   ◦
  26                                                                                                                          66   M   29               ◦                    ◦   ◦                       ◦       ◦                              ◦   ◦           ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦
  27                                                                                                                          63   M   19               ◦                    ◦   ◦                       ◦       ◦                              ◦   ◦           ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦       •   •       •   •       ◦   ◦   ◦   ◦   ◦
  28                                                                                                                          63   M   22               ◦                    ◦   ◦                       ◦       ◦                                                              ◦   ◦   ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦
  29                                                                                                                          81   F   6                ◦                    ◦   ◦                       ◦       ◦                                                              ◦   ◦   ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦       ◦   ◦   ◦   ◦   ◦
  30                                                                                                                          60   M   25               •                    •   •                                                              •   •           •               •   •   •               •   •   •               •   •   •        
  Data were express as follows: ○, all data was available at the 5 periods; ●,data at the 5 periods could not be assembled.                                                                                                                                                                                                                     

The study protocol is summarized in [Figure 2](#f02){ref-type="fig"}. Clinical parameters assessments, saliva collection and caries activity tests were generally performed at bed-side between 16:00 and 18:00 (≥3 h after lunch) to avoid any influence associated with the last meal. Subjects took orally the high-density liquid diet (ANOM; Otsuka Pharmaceutical Co, Ltd., Tokushima, Japan)^[@r12]^, which included L-arginine, DNA and omega-3 fatty acids, in order to boost the immune system from approximately 5 days before the operation, in addition to the regular meal. Nutrition management during the fasting period after the esophageal surgery was supported by TPN or EN via an enteral feeding tube inserted from jejunostomy during the operation. They could start intake of the postoperative liquid diet around 8 days after checking that there was no disclosure and no infection at the operative site.

![Protocol of oral examination during the perioperative period of esophageal cancer surgery. Abbreviations are as follows: POD: postoperative day; reg.: regular meal; suppl.: additional enteral nutrient; NPO: Nil *per* os](jaos-21-02-0183-g01){#f02}

In this project, as summarized in [Figure 2](#f02){ref-type="fig"}, the oral cavity of the subjects was investigated at 5 examination periods, as follows: the period of usual dietary intake (4-7 days before an operation: E1), the period of usual meal and high density liquid diet ingestion (3-4 days before an operation: E2), the period before the liquid diet ingestion starts (7-9 days after an operation: E3), the period of ingestion of semiliquid foods using rice porridge (10-15 days after an operation: E4), the period of ingestion of soft solids (15-23 days after an operation: E5). We named the fasting period after the esophageal surgery as NPO (Nil *per* os) and the postoperative day as POD.

Clinical parameters related to the oral environment
---------------------------------------------------

Plaque Index^[@r18]^ (PI) and Gingival Index^[@r11]^ (GI) were recorded as clinical parameters of the oral environment. In order to investigate the status of the swallowing function at each examination period, the repetitive saliva swallowing test (RSST) was performed, which determines how many times a subject can swallow his own saliva in 30 s^[@r04]^.

Determination of saliva flow rate and caries activity tests
-----------------------------------------------------------

Non-stimulated whole saliva (resting saliva) was obtained by spitting or direct expectoration while stimulated saliva was harvested by chewing a paraffin pellet. Both saliva samples were collected in sterile plastic tubes for 5 min and for 3 min, respectively, prior to assessing the clinical parameters and the volume was measured. The edentulous subjects and/or those lacking teeth in chewing sites were excluded in the evaluation of stimulated saliva. Dentocult SM Strip mutans test (Orion Diagnostica Ltd., Espoo, Finland) that determines the number of *mutans streptococci* in saliva was carried out according to the manufacturer\'s instructions.

CAT21 test (Willdent Co Ltd., Osaka, Japan) that shows the acid production ability of dental plaque reflecting the number of acid-producing oral bacteria such as *mutans streptococci* and/or *lactobacilli* was performed according to the manufacturer\'s instructions. An examiner swabbed dental plaque on buccal surface of all erupted maxillary teeth using a cotton bud and inserted it into a tube containing the diagnostic reagents. After incubation at 37º C for 48 h, the color change in the tube was compared with the color chart, which assesses the levels of acid production. Test scores ranged in 4 levels depending on the lactic acid formation rate. Blue color (-) indicated a low formation rate of lactic acid, pH 7.2-5.7 and green color (+) indicated a medium formation rate, pH 5.7-5.0. Yellow green color (++) and yellow color (+++) indicated a high production of lactic acid, pH 5.0-4.4 and pH 4.4-3.8, respectively.

Statistical analysis
--------------------

Statistical significance in flow rate of both resting and stimulated saliva was assessed by a paired Student\'s t-test. Other clinical parameters and caries activity tests were assessed by a Wilcoxon\'s signed-ranks test using the statistical software Statcel2 integrated into Microsoft Excel for Windows (The publisher OMS Ltd., Tokyo, Japan). Differences were considered statistically significant at p\<0.05. Since the number of subjects for whom the availability of the data of 5 periods by each method was restricted ([Figure 1](#f01){ref-type="table"}), statistical comparison between 2 different periods was performed using available data corresponding to 2 periods by each method.

RESULTS
=======

Alteration of salivary flow rates
---------------------------------

[Figure 3](#f03){ref-type="fig"} reports the changes in flow rate of resting saliva of 11 subjects (shown as open circle in [Figure 1](#f01){ref-type="table"}) and stimulated saliva of 7 subjects (shown as closed circle in [Figure 1](#f01){ref-type="table"}) at the 5 examination periods. The mean salivary flow rate ±S.D. of 19 subjects at E2 and E3 were 0.52±0.30 and 0.34±0.21 mL/min, respectively. This corresponds to a 35.3% reduction after operation. There were significant differences between E1 and E3 (n=19, p\<0.05), E2 and E3 (n=19, p\<0.01) and there were no significant differences between E2 and E4 (n=18, p=0.06), E2 and E5 (n=11, p=0.07). On the other hand, the mean of stimulated salivary flow rate ±S.D. of 13 subjects of E2 and E3 were 2.74±0.82 and 1.97±0.94 mL/min, respectively. There was a 28.1% reduction after operation. A significant difference regarding salivary flow of stimulated saliva was observed between E2 and E3 (n=13, p\<0.05) and E2 and E4 (n=12, p\<0.01). These results indicate that the salivary flow rate decreased significantly in the fasting period. The resting saliva secretion did not recover even when liquid food ingestion began.

![Fluctuations in saliva flow rate. The data represent the mean flow rate for resting saliva (solid line) and for stimulated saliva (broken line), respectively](jaos-21-02-0183-g02){#f03}

Alteration in clinical parameters
---------------------------------

PI and GI were used to evaluate plaque accumulation and gingival inflammation in subjects, respectively. There was a change in PI and GI for the pool of 10 subjects in the 5 examination periods ([Figure 4](#f04){ref-type="fig"}). Regarding PI, there were significant differences between E1 and E3 (n=18, p\<0.05) and between E3 and E4 (n=16, p\<0.05), respectively. While there was no significant difference regarding GI, the same tendency for reduction of postoperative plaque accumulation was observed.

![Alterations of plaque index (PI: solid line) and gingival index (GI: broken line), respectively](jaos-21-02-0183-g03){#f04}

Alteration in mutans streptococci levels in saliva
--------------------------------------------------

We measured the concentration of *mutans streptococci* in saliva at each examination period using Dentocult SM kit by comparing the colony density on the test strip with the model chart (class 0 to class 3). The changes in *mutans streptococci* class from the pool of 8 subjects in the 5 examination periods is presented in [Figure 5](#f05){ref-type="fig"}. There were significant differences between E2 and E3 (n=14, p\<0.05) and between E3 and E4 (n=15, p\<0.05), respectively. These results indicate that the colony-forming units of *mutans streptococci* decreased significantly through the fasting period. It increased significantly after the ingestion of semiliquid foods of rice porridge started.

![Distribution of the class of Dentocult SM Strip mutans in 8 subjects at the five examination points](jaos-21-02-0183-g04){#f05}

Alteration in the acid production ability of dental plaque
----------------------------------------------------------

Acid production ability of dental plaque was evaluated the using a CAT21 test at each examination period. [Figure 6](#f06){ref-type="fig"} shows the distribution of acid production levels for the pool of 12 subjects in the 5 examination periods. There was a significant difference between E2 and E3 (n=19, p\<0.05). The acid production level showed higher tendency after oral ingestion began, whereas there were no significant differences at E2 and E4. These results indicate that the acid production ability of dental plaque decreased significantly by deprived feeding during postoperative period and it recovered relatively quick after oral ingestion began.

![Distribution of the score of CAT21 test in 12 subjects at the five examination points](jaos-21-02-0183-g05){#f06}

Alterations in repetitive saliva swallowing test
------------------------------------------------

We performed an RSST at bed-side. There were significant differences between E1 and E4 (n=16, p\<0.01) and between E2 and E4 (n=18, p\<0.05). The same tendency was observed between at E1 and E3, although without significant differences (n=17, p=0.06). These results indicate that the state of swallowing function decreased significantly in the deprived feeding condition during the postoperative period.

DISCUSSION
==========

In this study, we evaluated oral conditions during perioperative period at 5 points. Since subjects had just been hospitalized at E1, eating and drinking habit were most likely specific for each patient and their oral conditions were modulated by their living habits. Therefore, we considered the E2 period as a control because all meals in hospital are standardized and the medical record could be used to follow the patients.

Although there is a great need for an oral health care clinical approach for esophagectomized patients during the perioperative period, very few information regarding the oral environment has been reported. Saliva is important for its buffering capacity and passive host immune defense against oral infections, including dental caries^[@r20]^. Salivary flow rate is related with bicarbonate concentration, which can act as a buffer^[@r09]^. We found in this study that salivary flow rate of both resting and stimulated saliva decreased significantly after NPO to 0.34 mL/min and 1.97 mL/min, respectively. They could not be steeply recovered after starting drinking and eating. Hyposalivation is usually defined by a flow rate of non-stimulated saliva less than 0.1 mL/min or that of stimulated saliva less than 0.7 mL/ml^[@r19]^. Although the values observed in this study were higher than the above criteria of hyposalivation, the low values of discrepancy between E2 and E3 might influence the oral environment and be associated with discomfort related to the quality of life, such as eating, swallowing and speaking. Nakamura^[@r14]^ (1997) reported results from a mouse model indicating that short-term dietary mastication influenced the salivary activity and suggested that changes in autonomic nerves in the salivary glands occur rapidly depending on the sensitivity of the particular gland to masticatory stimulation. The reason for which the salivary flow rate of esophagectomized patients decreased significantly after NPO is unclear. However, at least for whole stimulated saliva, lack of main stimulators such as food chewing and tasting leads to depression of saliva secretion.

It has been demonstrated that pulmonary complications are the most common source of morbidity and mortality after esophagectomy^[@r02],[@r13]^. Therefore, oral health care during the perioperative period is essential for the proper management of esophageal cancer. Interestingly, we found that PI decreases significantly after NPO, and that it can be recovered relatively quick compared with the salivary flow rate. The same tendency for caries activity test of *mutans streptococci* was observed. It was hypothesized that the number of oral bacteria having acid production ability decreased since the source of nutrient of plaque bacteria was drained by NPO for one week. For instance, the growth rate of *mutans streptococci* depends largely on carbohydrate concentration in the medium. Since sugar represents the main source of nutrients, the lack of it may have influenced strongly *mutans streptococci.* Furthermore, the antibiotic reagents prescribed for the patient for 3-4 days after the surgery likely affected the dental plaque including *mutans streptococci*at the time of E3 (POD7).

Swallowed foods have a high content of fermentable carbohydrates to support bacterial multiplication. It is thought that the reasons for which plaque accumulation increased significantly within several days after oral ingestion started (at E4) are related to: 1) the postoperative food form being soft, remaining stagnated in the mouth and becoming easily a substrate for dental plaque formation, 2) patients spent a long time at meal due to postoperative swallowing with functional depression, 3) increase of diet frequency due to ingestion of assistant foods, and 4) plaque accumulation is facilitated due to decrease of salivary flow rate. Although a significant difference was not observed, the tendency for reduction of postoperative GI and an increase of PI was observed at E3. This suggests a relationship between plaque accumulation and induction of gingival inflammation.

On the other hand, the swallowing function decreased significantly through NPO. However, the reason why subjects had a smaller number of times of swallowing at E4 cannot be clearly explained. It can be speculated that the prudence to swallowing operation would not become strong conversely at the patient itself because swallowing foods ingestion started, or the mental factor will act greatly. Postoperative factors associated with pulmonary complications include the aspiration or other abnormality of deglutition^[@r08]^. Upon identification of postesophagectomy swallowing abnormalities, various rehabilitation techniques may also be introduced to help prevent aspiration and subsequent respiratory complications, including the chin tuck and swallowing exercises^[@r03]^. Our results also indicated the recommendation of oral rehabilitation for prevention of respiratory complications.

We investigated alterations of the oral cavity in patients with esophageal cancer during the perioperative period. Prior to begin the study, we expected that both oral condition and function at NPO would get worse over time. However, plaque accumulation and *mutans streptococci* counts in saliva at NPO were better than before operation. On the other hand, oral hygiene was worsened relatively fast after the start of oral ingestion of liquid foods and it resulted in the recovery of oral functions such as saliva secretion and swallowing operation and getting better slowly. Ingestion of food is restricted after the esophagectomy, which means that the amounts of food have to decrease at meal and the frequency of meals has to increase. These eating habits may affect the oral hygiene of patients and increase the risks for dental caries and periodontal disease.

The importance of oral hygiene should be highlighted to esophageal cancer patients after esophagectomy. Yoneda, et al.^[@r22]^ (2007) reported that a professional oral care regimen in patients with esophageal cancer enabled the total population of oral streptococci microflora to remain stable and inhibited infections of the oral cavity by opportunistic pathogens, thereby inhibiting oral mucositis. In this study, *mutans streptococci* counts increased at the time of swallowing malfunction, which reinforces the fact that the oral conditions of the patients should be closely monitored in postoperative convalescence.

CONCLUSIONS
===========

It may be concluded that it may be necessary a better management of the oral hygiene for maintaining a healthy oral environment in esophageal cancer patients. In addition, this could be applicable to many other types of patients that are hospitalized and do not eat and drink for a long time. Dental professionals should promote the salivary secretion and provide thorough instructions for plaque control for hospitalized patients.
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